PCX 



wojoD inmurruAL propdity oroahbahos 





...•.•uuK,.T.nK. AL AI^UCATIOK PUBUSHED UNDER THE PATCST COOPERATION IKEA-Pf (PCD 



(SI) lotirvattoMl rnaU aMU««i«M • i 

C07H 2VH CUQ V(* 



(U) 

on 



Al 



WO 9J/1S§18 

I) Mir IMS (IS^M) 



(U) launttioul rvbUcMiM Nuatars 
(4J) itunaiisul PubNcadN Dur 

liamufy 1995(a3/>U9S) 



)liiaivyl9M(03J0t.f4) VS 



(7U ADPlkast: CHILDREK'S MOSItTAL OF IWLAI»PMA 
phii. PA 19104 (USX 

(73)lMBior nUKCm^AJi lilViBiytod, Aitoon-PA 
1900) (USX 



(94) AltBtt: JOHNSON. FWU^ S. « tU ^^^c* 

Km IMiewia A Noms. aoor. One Uben}- P^ 

PA19US(USX 



SEX 



(SOlliki POLYMORPHISM AT GODOHM OF US P93GQie 

(S7)i 



pol)iMiptoitm with g«rmliM awatieM to pSl wbich liad to 



IMa«e of 01 
when ivdi linkife i 



FMjmPmCSBSaFINFOMMAmMOHLr 




W09Sritti» 



rcuvsismisH 



POLmoXPBZSK AT CODOH 2€ 0? TBK fS3 OGNE 



This invention relates to screening methods based up-sn 
the identification of a polynorphism at cadon 36, in exoa 4. of 
5 the p53 gene. 

Baekgrmmd of thm Tfiv— 

The p53 gene on chromosome 17, specifically region 
Itp, is the most conmonly altered gene in human cancer. 
Rearrasgeiaents of the gene resulting in inaetivation have been 
10 observed in human and animal cell lines and tumors. The wild 
type gene product, is hypothesized to function in tunor 
suppression. Consequently, there has been considerable 
interest in detecting mutations in this gene in tumors. h 
number of studies have already reported mutations in tumors of 
15 diverse origin. Most of the mutations which have been detected 
have been detected in exons $-9 of the gene, it has also been 
reported that transfeecien of the wild-type p53 arrests the 
growth of cancer cell lines. (Baker, et al., science, 249<912. 
915 (1990); Friedman, et al., i>roc. iteel, Acad. Sci. USA 
20 .87i927S-9279 (1990)) . 

Mast of the pS3 mutations identified are "missense" 
mutations resulting in a single amine acid change. In a recent 
review article, it was reported that 83% of the p53 mucatieas 
are such missense mutations. Harris, et al., "Clinical 
25 Implications of the pS3 Tumor- Suppressor Gene, • The New Eaglane 
Journal of Medicine, 329:lJi«.i327 (1993) (incorporated herein 
by refereaea) . 

one problem hindering the identification of mutations 
in the p53 gene is the occurrence of sequence polymorphisms. 
30 some of which are restriction fragment length polymorphisms ' 
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(RFLPsJ . in this aair.e gene. Comparison witfc nDrmal tissue fron 
a patient having « tumor exhibiting a purported »uca-.ioR in pS3 
must be made to verify whether the nutation is somatic or 
germlme in origin. Another possibility is that the change -n 
5 the gerinlioe is a polytnorphism. silent mutations in the 
germllne c«» be indistinguishable from a polymorphism, unless 
recognised as such in larger population based studies. 

Analysis of germline tissues from patients is net 
always feasible, as many diagnoses are made retrospectively. 
10 Thus, the identification of polymorphisms in this gene can aid 
interpretation of results from tumors. 

Several polymorphisms have already been identified in 
P53. but only three others are in the coding se^enc-ths rest 
are .n introns. A continually updated compendium will aid in 
15 diagnostic interpretation. Discussion of the idsatified 
polymorphisms follows. «n.*xiee 

. " i» the protein coding region 

o the human p53 gene. - aacog«,s. Sa4e».l410 (i«o) rsport a 

.0 n'^r'The^' r''^* " ^ ^^^^^^ 

exon 2. The polymorphism was only identified in l" of ao« 

'JZT tw^H' i«»e-"i«<» u.ing Sgill. The authors 

report that the rarity of their poly««rphi.« li„^cs its 
usefulness in studies of allelic less. 

25 • ^2 polymorphism of the TF53 gene. - 

POlymorphxsm at residue 72. exon 4. of the p53 gene "h! 

-i^ue^lt.rat\en a^ 
can be identified using AccII. The fre,p,ency of the 
po ymorphic allele is reported as O.M. The f«,u. ' o^ 
" - -ertsi^le'fr:: 

In de la Calle. et al.. -Biallelic Bgl ii dka 



35 



po ymorphism somewhere in nucleotides I to 1587 ^e 
polymorphism can be identified using Bgiix. The fr.cuency eJ 
the polymorphic allele is reported as O.OS * 
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(iWO). the author. reDc-t - no. 16. 

10 is reported «s o.sa. ' 'f-queney 

IS nuclease diges-ion On- -ii i . W«g restriction 

«e.„.c.. vol. ■,x!;n«r''" 
upon .h..h„ .h. u.^.. „. ^':zn7^ . 
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origin. Ih. hi,h..t Ir.^^ „. .^..^.^ ^^ . 

p.tien. p=p„l.tio„. A. . „„u Of tSl. cb..rv«.,B, -J 
.»--h,« ««^=.a „ .^^^^ ^^^^ •• 

! WU.M. „ .1., .ro, j„„:ie„ . 

Adds Reseireh. vol ^ ... 

*«'» 00. 5, 1172 (1909) 

polymcrphism in intron I of «sa , ^ * 

• ^ ^* polynwrphism can be 

^--tx.xed uBxng yzi. The fre^ency i. reported «. CO., 
AS already noted above, knowiedge of aU oo.^ihi 
poly«o,phi.^ i„ ps3 gene will facilitated ntVf'cat on f 

gemline mucations requirea lam*. — . i ^ • / 

Knowladfl. *^cquirea larger population based etudiee 

15 ^ T • "''•^'"^ P^iy-^rPhiam can be uaed to 

th- purported nutation diepl.y. the eame pattern *7 V 
poly«orphiem. In addition to tkia T ^'^ 

-Pecific .ingle Poly^r^^L 1^,^,^::^^^^^^ • 
ot the genetic linkage of an 2''^^ ! ' ""^''"^ 
20 therefore, the traeiJ V -utaticn and. • 

. however, that soma «bould be noted, 

^na. come getwline nutatiena could ari.* » 

-.««i„t.„ .f ivr;^^"?::: """"" 

itflportant due to th. '"WBity. This is particularly 

30 P53 in tu«^!ge„es\; »>eter«,ygo.ity of 

an. loa. of hl^o.iry ^rSTle'itLV" ^ » 
tumors. Harris, et al.. ^ISIX 

.ror.„.„cir.d't?:t!:::r'V" ^^-^ -"^^^^ ' 

3S development is Te" Ukt?;;o ll^T^ 'T"' " • 

polymorphism in the coding reoiorT. * 
regions of ,w!' ^« Table. 

the gene are most oft«i studied. 
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Pclymarphisms in che coding region are generally less caamor. as 
the ceding regions of Che gene are more stafcle and less mutable 
over time. Further, a coding region polymorph- sr. enables 
screening of both genomic and cDNA. ic is «isc oreferable that 
the polymorphism result in a change in a restriction enzyme 
sice. 



For purposes e£ genetic linkage determinations, ic is 
further preferable that the polymorphtsa not occur in the same 
sztes where somatic mutations are known co occur mes- 

10 freviently. ?cur -hot-spots- in pS3 frequently altered in 
human cancers are reported in Nigro. et al., Wacure. 3«:705. 
70$ (1969) (incorporated herein by reference) . These hct spots 
occur in che conserved regions of che gene. Also, it i-, 
preferable chat scvnatic mutations noc result ia che same 

IS detectable change as the polymorphism, but this *e a 
possibility. • -» a 

For determinations of parental origin, it is 
preferable that the occurrence of the polymorphism is not too 

20 IVTT heterosygosicy should 

20 be high enough to be informacive. but lo« enough such chac it 

th.''!!,''"\'°""*' ^'yso^ state for 

Che polymerphisr. is very rare. 

c.^. « ^ idantified a polymorphism in 

codon 36 Of exon 4 of che p53 gene which meecs che foregoing 

25 criteria. It involves the change of a Fiz,l restriction siL ce 
a Scci Sice. Alchough the specific codon change w« reported 
pr.viou.ly in Chiba. et al.. oncogen.. 5.1603.1610 (1990). 
Chib. et 1. reported that the change was . .u«it station in 
non-small cell lung c«,cer. not a poly^spbi... chiba et al 

30 oo not disclose that the mutation was confirmed a. Li^g 

or HOC Che observacion. if noc somacic. was a silenc germline 
"«tacion or poly«,rphi«.. por reason, presence* above, whecher 
an observed germline mucacion is in face a mucacicn or a 
d!iZ'^^"' '"'"'^"'^ difference. The presenc iavenccr 
IZht be due CO a polymorphism. 

Although the change is -silenc- in terms of amino acid coding. ' 
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Che change does result in the change frosi a fini restriction 
site to a Bed restriction sice. This was not recognised 
previously. 

5 Sumarv of th> Invntitm 

In one aspect, the present invention involves a method 
for detemlnlng genetic linkage of presently unidentified genes 
in a region of chromosome 17 for which loss of heterozygosity 
has been linked with cancer or other diseases. This involves 
10. mapping of the region of genomic loss with respect to other 
markers in the region to which the gene of interest can be 
linked. The polymorphism at codon 3o of pS3 is one such, 
marker. 

In another aspect* the present invention relates to 
15 a method for determining whether a germline mutation in p53 
phcnotypically expressed as a tumor in a patient is linked to 
the polymorphism at codon 36. cxon 4, of the pS3 gene. The 
method involves isolation of genomic DNA from .the tumor of a 
patient, amplifying the regions corresponding to the mutation 
20 and axon 4 of p53 if necessary* identifying the polymorphism in 
the amplified sample, cloning the amplified products containing 
the mutation and the polymorphiam. sequencing the cloned 
products, and determining whether the mutation and polymorphism 
occur in the same clone. Such occurrence indicates the 
25 mutation is on the same allele. If not, the mutation is on a 
different allele. In a further aspect, the present 

invention involves a method for determining parental -rigin of 
an allele carrying a germline mutation in p53. The method 
involves screening tissue from the parents of a patient 
30 exhibiting a tumor with a germline mutation which has been 
linked to said polymorphism for identification of the parental 
source of the polymorphism. 

In yet another aspect, the present invention involves 
a method for determining familial histories and, therefore, the 
35 relation of the polymorphism, if any, to tracking of the 
mutation and predeliction for tumor development. The method 
involves screening tissue from relatives of a patient * 



W095/l>8» 



PCT/US.9Sffl0l5> 



- 7 



possessing an allele carrying the mutasion for preaence cf the 
polymerphism. 

In another aspest, the presenc inven=ion involves a 
method for deterttiaing loss of heterozygosity. 

Fleure 1 depicts the eceurreaee of the polywerphism in 
gangliocytoma/ganglioneuroma-, neuroblastoma. and normal 
specimens . 

Figure 2 depicts the localiiatioa at codon 36 by sequence 
10 determination. 



Mutations in pS3 have been linked with a variety of 
cancers. Mutations can be somatic or germline in origin, the 
distinction being that germline mutations are present in all 

15 cell, of the body, tumor or otherwise. Many of the mutations 
observed in pS3 are somatic in origin. However, germline 
mutations, when identified, can be significant due to the 
possibility they represent genetic inheritance. Germline 
mutations, however, can also be de novo. i.e. originate during 

20 embryoeenesia. Although inherited mutation, are much less 
common, they have been identified in family cancer syndromes 
such as the Li-Frau»enl syndrome. U et al. . -Rhabdomyosarcoma 
xn cnildren.' J. tUtl. Cancer Jn«.. 43:13«5.1373 (1969) The 
potential for inherited predilection to cancer development 
Tt'ZT' »i9nlflc«ice ^ desirability of screening 

for rapidly and .e.nsitively determining inheritance. 

The present invention relates to the identification 



30 



— ■ <.w ^acnbici 

Of a polymorphiwn at codon 3< m axon 4 of the p53 gene. Excn 
4 xs the largest exon of the pS3 gene «ul spans from codons 22- 
125. Although exon 4 does not contain a mutational -hotspot- 
other. have reported mutations in this region. Caron de 
Fromental. et al.. Genes Chnam. Cancer. 4:i.is ^ 
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exan^le of a mutational "hotspot" is the region spanning acinc 
acids 130 to 240. A number of point mutations were identified 
in this region, which l«d to significant, tuacr-promotisg 
changes in phenotype. WO 92^00311. published January 9, 1>92. 
5 See Slso Nigro, et al.. avpra. 

Polymorphisms provide an opportunity for screening 
methods upon establishment of linkage with a particular 
mutation. Although the nutations themselves can be screened, 
the polymorphism may be a restriction fragment length 
iO polymorphism, resulting in the change in length of fragments 
cleaved with a particular enryme. such that the presence of the 
polymorphism can be readily ascertained without resort to 
sequencing cr PCR. Open establishment of linkage with a • 
mutation, an RPLP allows for simpler analysis, such as in the 
IS establishment of pedigrees. 

Additionally, pclymorphisms allow for the linkage 
determination of genes which have not yet been specifically 
identified, but have been identified in that a loss of 
hetercsygosiey is a region purportedly containing the gene 
20 results in the development of cancer or other disease 
conditions. Thus, pedigree analysis of unidentified genes is 
also possible. one method used for screening for mutations 
is single- strand conformation polymorphism {SSCP} analysis. 
A point mutation in a small DNA fragment causes a significant 
25 conformational change which is detectable as a difference in 
mobility in non- denaturing acrylamide gel electrophoresis. A 
limitation of this method is that it does not distinguish 
between polymorphisms and mutations. The initial 
identification of polyiaorphisms by SSCP. or other methods, 
30 followed by characterisation by sequencing, should obviate the 
need for further sequencing when the same polymorphic patterns 
are found in other cases. Similarly, knowledge of a single 
specific polymorphism can be helpful. See, for example, the 
discussion in Mitsudemi. et al.. supra regarding the purported 
35 mutations at coden 213. During screening, a polymorphism at 
codan 213 was noticed. To exclude the polymorphism, side by 
side comparisons with a control sample using SSCP were ' 



performed. This paccsm ccmpprisop revealed tha: 4 cf 13 
purporced mutatioaa in exen 6 twy have been pslyncrchisms . 

Various methods are available is tne* art for 
identification of mutations in the pS3 gene. For example, see 
5 wo 92/13970. published August 20. 1992; WO 92/00311, discussed 
previously; WO 93/20233, published October 14. 1953; and EP 
0390323. published October 3. 1990 (subject matters of which 
are incorporated herein by reference). Mutations can be 
determined using SSCP or denaturing gradient gel 
10 electrophoresis (DGGE) as PCi-based methods. If the mutation 
changes a restracticn site, or results in a large deletion, the 
mutation can also be initially reccgaizcd by Southern blot. 

The present invention is not limited to any one 
particular manner, of identifying the mutatioB. Of course, 
15 mutations can also be identified through the more laborious 
task of sequencing entire gene isolates or genomic hot spots. 

Mutations which have been caueatively linked to tumor 
development and/or progression are preferable. That is 
tissues of patients displaying nutations which result in ' 
20 phenotypic expression of tumors are preferred for subjecting eo 
the methods according to the invention. However, as many 
mutations lead to a pre-cancerous stare and depend uoon 
subsequent mutations in the sister allele for entering *the 
cancerous state, such srutation. are also contemplated, as they 
25 provide a mechanism for earlier diagnosis. See discussion in 
WO .92/00311 discussed. SMpra. la WO 92/00311. a pre-cancer 
cell is defined as a cell that has one nornal p53 allele and 
one mutated pS3 allele. In a cancer cell, both alleles are 
mutated, if the present polymorphism is linked to a mutation 
30 it may be possible to identify this pre-cancer state. However' 
it is also possible that allelic loss may precede mutation in 

r^^"" f/''*- '"'^ '*»^e«yos.rco«. 

RMS). Felix, et al.. c«,cer Research. 52: 22«.2247 

11992) (incorporated herein by reference) . 
» once a mutation has been identified, the method 

according to the Invention can be utilised to determine linkage 
Of the mutation with the polymorphism, tlakage determinations ' 
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can provide numercus diagnostic *<iv*-»««— » 

c J ^ ^ . J7p locx trc suspecced to 

it 1. ti«, ,o..ibl. to ..r^ ,„ 

"^iers. In this manner, siblings and of£sBri«» J 
screened for the san» polymorphism i« rh ^"'^^''^ *»« 
15 to the invention / •ccording 

invention, amplificecisn of the DMA rm^fi^ . 

«^ii-'ic«i» ^ ^ fTf^i T"*- 

r«trictloa enzymes, size eepare!!^ 

POly»orphi«. idTtified "Plated on .geroee gels and the 
Identified by • ^^'^^'^ can .1.0 be 

30 southern b^ot'^ueino'''' »>• id«.tif ied by 

DHA ieoleted f ro^ . ^» «^'e 1. 

3S can be .ImultaneTusly Tb/ec^'" P<»lj^rp^i.„ 

cLavage. if Z lJ;;^ T ' ••^^"ic-tlan and 

ir the polymorphism ij detect-d 
genetic linkage can b. r«,*<^ - w 'ne sample. 

9« can be confirmed by sequencing. 
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Upon the establishment of genetic linJcage. screen:.nc 
to determine parental origin of the polymorphism provides 
insight into the potential hereditarial origin of che mutation 
and, hence, the tumor. Parental origin screens can be 
5 performed in a manner similar to screening the p53 gene, or 
region thereof « for possession of the polymorphism. Rather 
Chan being performed upon tissue extracted from a tumor, 
however, such screens are performed upon normal tissue isolated 
from parents and the patient. The same procedure as described 

10 above is then followed. The heterozygous occurrence of this 
polymorphism is infrequent enough that it is unlikely that both 
parents would be heterosygous . 

A similar procedure as outlined above is performed in 
order to determine familial carriage of distal related genes. 

IS especially when those genes have not been isolated. The 
presence of the polymorphism in a sibling or offspring might 
indicate proclivity for the mutation and, hence, tumor 
development. 

Materials and Methods 

20 Oligonucleotide Primers 

The primers used for amplification were obtained from 
Dr. Mitsudomi. See Mitsudomi et al.« tupn. The primers %rere 
derived from intron 3 and intron 4 of pS3. The sequences of 
the primers are as follows: 
3S S'AGGACCTGGTCCTCTGACTC 3' intron 3 SSQ ID N0:1 

3'CATTGAACTCTCATQQAAGC S' intron 4 SEQ ZD 

N0:2. 

Siagle*strax^ oonfozaatlon polymorphism (68CP) 

Point mutations in the pS3 ^ene were detected using 
30 a modified version of the PCR/SSCP method (Orita et al., PMAS- 
USA, e€t27S€«2770 (19S9) and Genomics, 5:e74-a7» (19691. 
Suzuki et al., Qacogene, 5tl037-i043 (1990), (incorporated 
herein by reference. One hundred nanograms of genomic DNA was 
amplified in a volume of 10 al containing SO mN potassium 
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chloride, 10 rM Tris-HCl (pH 8.3), 1.5 nM magnesiuic chlcridfe, 
3.Cl% (w/v) gel^ziz, 1.25 mM each of four dNTFs (Pharmacia) « 
0.05 M9 Of zht pair of primers, 0.25 units cf Tac DSU 
poiymerace (Perkin Elmer Cetus, Korwalk, CT, USA) and 0.5 ^1 of 
5 lor-"P^dCTP (300Ciinfflol-\ lOmCimmol-*, Amcrshan, Arlington. It, 
USA) . The amplification reaction using a thermal cycler 
(Per)cin-£lmer Cetus) consisted of 94^C for 9 minutes for 
initial denaturation when using genomic CNA, followed by 35 
cycles of 94 for 1 minute, annealing for l minute at 55 
10. (genomic DNA) , extension at 72*C for 2 minutes, and a 7 minute 
final extension at 72«C- One m1 was then cleaved with the. 
enzyme 4iwnl in 10 iil to reduce the fragment sizes to those 
more suitable to SSCP. 

Two micro- liters of the digested product was 
IS transferred to a 96 well plate; mixed with loading buffer (95% 
formamide, 20 mM EOTA, 0.05% xylene cyanol, 0.05% bromophenol 
blue) and incubated in a 90«C water bath for S minutes to 
separate the single strands. After heating, the sasples were 
immediately cooled on ice and 2 ^1 of each sample was loaded 
20 onto a €% acrylamide gel containing 69 mM Tris-borate, 2 mM 
EDTA. pK 8.3 (1 X TBE) . The gel was run at 25 W fcr 4.5 hours 
at 2€^C using 1 x TBE as running buffer. After 
electrophoresis, the gel was dried and exposed to Koda)c x-Omat 
AR film with an intensifying screen at -70«c for IS hours. 



25 Charaeterisatioa of Polymozphism 

Polymorphisms were conf izmed by direct sequencing of 
genomic OMA/PCR products (Pig. I) . One MS genomic DNA was PCR 
amplified and 1/250 of these products used as template in a 
second heminested PCR reaction for sequencing. Thirty cycles 

30 at 95*C for 1 minute. 58*0 for 1 minute, and 72*C for 3 minutes 
were utilized. PCR products were agarose gel isolated, and 500 
ng were directly sequenced using nested oligonucleotides. 
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Exaaple 1 • D«t«sBiaatiea of polyaorpblni 

Excn 4 of the pS3 gene was screened by genomic dna 
SSC? analysis as describe absve on genomic DNA from IOC 
individuals. Gencmic DNAs were prepared froir. the peripheral 
5 bloiod of 16 normal individxials; from the peripheral blood. B 
lymphoblastoid lines or fibroblast lines, but nor tumor tissue, 
of I€ patients affected with various cancers; IS leukemic 
marrow specimens; 20 neuroblastomas or neuroblastoma cell 
lines; nine rhabdomyosarcomas or rhabdomyosarcoma cell lines; 
10 21 brain tumors; one testicular turner; and one r^'tinoblastoma 
cell line. Faired leukemia and brain tumor apeci.* ^ns from one 
patient with multiple primary cancers were included in the 
aforementioned samples as reported upon by Perilongo et al.; 
LeulreiBiA, 7:912-515 (19931. Matched normal tissues from nine 
15 patients with some of the above cancers also were studied. 

An identical SSC? pattern difference and silent CCS 
to CCA change at codon 36 suggesting a pS3 polymorphism were 
found in peripheral bloods of two unrelated normal individuals, 
matched tumor and normal tissues of a patient with a 
20 gangliocytoma/ganglioneuroma. and in a neuroblastoma. The 
results are depicted in Figure 1. In panel 1, lane l is normal 
peripheral blood, lane 2 is a leukemia cell line, and lanes 3-5 
represent brain tumor. Xn panel 2, lane 1 is a retinoblastoma 
and lanes 2-9 represent neuroblastomas. Zn panel 3, lane 1 is 
25 a brain tumor, lane 2 is blood from the patient as the sample 
in lane 1. and lanes 3-5 represent normal tissue samples. T91- 
84T represents the gangliocytoma/ganglioneurcma specimen. Nb4 
represents the neuroblastoma specimen. Thi .ormal specimen is 
designated as such. 
30 As can be seen from the figure, four savvies out of 

100 displayed the polymorphism, ai four samples displaying 
the polymorphism were also heteroxygous for the polymorphism,. 
The polymorphism changes a Fial restriction site to a flccX 
site. An arrow in Figure 1 represents the pattern of the 
35 polymorphic allele. An asterisk indicates the other exon 4 
polyrtorphiara at codon 72. The MB4 specimen exhibited both 
polymorphisms. Other specimens tested were homosygous for the 
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more common allele. No specimens tesced vrere homozygous for 
the polymorphism, tumor or normal. 

Genomic DI^ from the peripheral blood of a normal 
individual was amplified by PCR and se^jenced directly to 
5 verify 'the polymorphism and heterozygosity at eodon 36. The 
results are depicted in Figure 2. As can be seen in Figure 2» 
there are bands present in the *6* and *A* lanes at the J' 
terminal nucleotide of codon 36. 

Xxaople 3 • Detszminlng Genetic tinkage of Qaidentlfied Genes 

ID The polymorphism at eodon 36 of pS3 can serve as a 

marker for mapping unidentified genes on chromosome 17 for 
which loss of heterozygosity has been linked with disease. The. 
region of genomic loss can be mapped using standard techniques 
and the polymorphism. A recent example of how genetic linkage 

15 led to rhe identification of a new gene is that of the genetic 
mapping of a locus predisposing to colorectal cancer (?eltomaki 
et al.. Science* 260:610-612 (1993).« Incorporated herein by 
reference. where specific chromosomal markers en human 
chromosome 2 were traced in pedigrees. In this case* the 

20 polymorphisms were micros a tellites. 

Example 3 • Oetezminisg Genetie Linkage of Identified p53 
Butatioa 

Once a tumor possessing a germline mutation is 
identified, allelic linkage with the polymorphism at codon 36 

25 of axon 4 can be assessed. Genomic DNA is extracted from the 
tumor and the presence of the polymorphism, pattern can be 
screened for using Southern blot analysis. lUe DKA can be cut 
with FinZ and Bcel. The labelled probe to be used can be pS3 
cDNA, such as the 1.6 kb iCbal p53 cDKA probe derived from clone 

30 php53cl discussed in Felix et al.* J. Clin. Invest.* 69:640*647 
(1992) (incorporated herein by reference) . 

Alternatively, if the sample size so requires « genomic 
XXKA is extracted from the tumor and the region of the gene 
purportedly possessing the nutation and axon 4 can be amplified 

35 using PCR and the polymorphism screened for using SSCP. The * 
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particular primers CD be used for the PCR amplification will 
depend upon the location of the mutation in relation to the 
polyiaorphism. One skilled in the art could readily deteraine 
the appropriate primer to be used from those available in the 
5 literature and the sequence of p53 which is available in 
GenBank The primers for these purposes would be selected so 
that the amplified products encompassed both the mutation sad 
the polymorphirm. For a list of seme primers which can be 
utilized, see Mitsudomi et al., eupra. 
^0 I" ^ch instances, the pattens obtained can 

eenqpared with genomic Dnk from a sample possessing the 
polymorphism, or the patterns in Figure 1 if testing conditions 
are t..e same. 

Upon identification of a similar patters, the 
IS amplified PCR product, or genomic ONA region containing the 
mutation and polymorphism, can be cloned using methods 
available in the art and the cloned material sequenced. 
Specifically, in the case of genomic OIA, genomic cloning ««n 
be utilised. Briefly, the genomic DUX can be cleaved with 
20 restriction enzymes which result in a fragment containing the 
nutation and the polymorphism. This fragment can then be 
cloned into a vector wish eeaplementary sites. The appropriate 
restriction enzymes will depend upon the location of the 
mutation in relation to the polymorphism and can be readily 
25 ascertained by one skilled is the art. 

The presence of the mutation in the same clone as the 
polynorpilsm indicates that both 9ccur en the same allele, 
conversely, the presence of one and net the other, suggests 
that they occur on diSfertnt alleles. 

30 Sjun^le 4 - OetezBiaing Parental Origin 

Once allelic linkage has been established between the 
polymorphism at eedon 3€ of exen 4 and the germline mutation, 
genomic OHA can be isolated from tissue from the parents and 
screened for parental origin of the allele carrying the 

35 mutation. The polymorphism can be identified by either 
Southern blot or SSCF as in Example 3 above. 
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Exaapl* 5 - OaeazBiniog Paailial >«digr«« 

Once allelic linkage has been established between the 
polymcrphism at codon 3S of exon 4 and the gcrmline nrjtatios. 
genomic DMA can be isolated from tissue from the siblings, 
offspring, and other relatives of the patient to screen for the 
presence of the allele carrying the mutation. The polymcrphism 
can be identified by either Southern blot or SSCP as in Example 
3 above. 

Sxaa^le € - Detexaining Loss of Eeteresygesity 

Regardless whether linkage between the polymcrphism 
at codon 3€ of pS3 and the germline mutation is established, 
the presence of absence of heterosygosity for the polymorphis^ 
in the patient sample can be ascertained by the methods 
discussed above. Specifically, heterozygosity for the 
15 polymorphism at codon 3« can be ascertained by SSCP cr Southern 
blotting, xn the instance of Southern blotting, both Bccl I^d 
««I would be used. Loss of heterosygosity can be ascertained 
»>y comparison with normal tissue from the patient. 
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The foregoing examplea are meant to illustrate the 
20 invention and net to limit it in any way. Those skilled in the 
art will recognise that modifications can be made which are 
within the spirit and scope of the invention as set forth in 
the appended claims. 



W0»S/1«>1S 



. 17 - 



?CT/US95MlltS8 



ssoosNCE lis?:ks 

::; gsneral rKF0RM;iTZ0N: 

(i) APPL2CAHT: Carolyn A. Felix 

S (ii) TZTLE OF ZNVSNTZON: Pelymerphisir. at Codon 3< ef Che 

Oene 

(iii) MtJMBSR OF SEQUENCES: 2 

(iv) CORRESPONDSNCS ADDRESS: 

(A) ADDRESSEE: Woodeeek Washburr. Xurcz Mackiewiez 6 

(B) STRSET: One Liberty Place - 46th Fleer 
. (C) CZTY: Philadelphia 

(D) STATE: PA 

(E) CCUNTRYt OSA .. 
IS (F) ZIP: 19103 

(v) COMPUTER REASABLS FORM: • 

(A) MEDIUK TYPE: DISKETTE. 3.S INCH. 1.4* Kb STORACE 

(B) C^OTER: IBM PS/2 

(C) OPERATING SYSTEM: PC-DOS 
20 ID) SOFTWARE: KORDPSRFECT 5.1 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NDMBERt 

(B) PILING OAlEi Ceneurxeatly herewith 

(C) CLASSIFICATION: 

2S (vii) PRim APPLICATION DATA: 

(A) APPLICATION NDHBER: 

(B) FILING DATE: 

<viii) ATTORNEY/AGENT INFORWITION; 
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(A) NAME: Coreen Yacko 7r;jillo 

(B) REG!Sm7:0N NITSER: 35,?19 

to KErSSSHKE/tGOIST NUMSSR: CH>046« 
fix)- TELSCOMNUNICATZON INFORMATXON: 
S (A) TELEPHONE: (215) SeaOlOO 

(B) TELEFAX: (215) 5«8>3439 
(2) 2NF0RMATXCN FOR SEQ ZD NO: 1 

(i) SEOUSNCB CHMACTEItlSTtCS: 

(A) LENCTK: 20 
10 (B) TYPE: nucleic acid 

(C) STSAMDESHESS: single 
(D: TOPOLOSY: linear 

(ii) MOLECOLE TYPE: I»IA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1 
15 AGCACCTCCT CCTCTGACTC 20 

(2) INFORKATZON FOR SEQ ZD MO: 2 ' 

(i) SEQUENCE CKARACTSRZSTZCS: 

(A) LENGTH: 20 

(B) TYPE: nucleic acid 
20 (C) STRANDEDNESS: single 

SO) TOPOLOCY: linear 

(ii) MOLECULE TYPE: ONA 

(Xil SEQUENCE SESCRIPTZON: SEQ ID NO: 2 

C3AASGTACT CT6AA6TTAC 20 
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What iB elal&ed it: 

!• A method for deternining linkage ot a region of 
rhromoBome 17 for which loss of heterozygosity leada to 
development of disease to a pclymorphism at codon 36 of exon 
5 4 said method comprising; 

a) isolating genomic OKA correspcnding to said 
region; and 

b) identifying the polymorphism in said DtlA. 

2. The method of claim 1 wherein the polymorphism 
10 is identified by single-strand conformation polymorphism 

analysis « 

3. The method of claim 1 wherein the polymorphism 
is identified by Southern blotting. 

4. The method of claim 1 wherein the disease is 

15 cancer. 

5 . A method for determining genetic linkage of a 
previously identified germline mutation in the p53 gene 
resulting in expression of a tumorigenic phenotype with a 
polymorphism at codon 36 in exon 4 of said gene in a patient 

20 extract, said method coeprising: 

a) isolating genomic Wk from the cumor; 

b) identifying the polymorphism in said DNAi 

c) cloning the region of the DNA containing the 
mutation and the polymorphism; 

^5 sequencing the cloned DKA: and 

e) ascertaining whether the mutation and 
polymorphism are present in the same clone. 

6- The method of claim 5 wherein the polymorphism 
is identified using single-strand conformation polymorphism 
30 analysis. 
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7. The method c£ claim 5 vhercir. the polymcrphisir 
is identified using Southern blotting. 

8. The method of claiir. S wherein the patient has 
been diagnosed with the Li-Praumeni syndrome. 

5 9. A method for determining parental origin of an 

allele carrying a germline mutation in the pS3 gene which has 
been linked te a polymorphism at colon 36 of exon 4 
cooprising: 

a) isolating genomic DNA from each parent c£ a 
10 patient possessing the allele; and 

b) identifying the polymorphism in the DHA. 

10. The method of claim 9 wherein the polymorphism 
is identified using single-strand conformation polymorphism 
aMlysis. 

15 11. The method of claim 9 wherein the polymorphism 

is identified using Southern blotting. 

12. A method for determining familial inheritance 
of an allele carrying a germline mutation in p53 which has 
been linked to a polymorphism at codon 36 in exon 4 of the pS3 
20 gene said method comprising: 

a) isolating genomic OKA from relatives of a 
patient possessing the allele; 

b) identifying the polymcxphism in said genomic 

25 13. The method of claim 12 wherein the polymorphism 

is identified using single -strand conformaticn polymorphism 
analysis. 

14. The method of claim 13 wherein the polymorphism 
is identified using Southern blotting. 
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15 . A method for cecermining loss of hezerozygcsicy 
in chromosome 17 in a tumor sample comprising: 

a) isolating genomic CKA from a tunor of a patient 
exhibiting said tumor; 
5 ' b) identifying a polymorFhis:^ at codcn 36 cf exon 

4 in said Dtfk$ 

c) determining that the polymorphism is homozygous 

in said tumor OKA; . 

d) isolating genomic OKA from normal tissue of said 

10 patient; 

e) identifying the polymorphism in the genomic ONA 
of said normal tissue; and 

£] determining whether said normal tissua is 
heterozygous for the polymorphism. 



15 16 . The method of claim 15 wherein the polymorphism 

is identified using single^strand conformation polymorphism 
analysis. 

17. The method of claim IS wherein the polymorphism 
is identified using Southern blotting. 
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